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A l imited  investigetion was d e  t o  determine  the nature of the 
pressure  distribution and the  order of magnitude  of the pressures on a 
streanline body  moving on a water  surface. The body of revolution was 
equipped w i t h  chine strips and had a f ineness   ra t io  of 9. Pressures . were neasured a t  selected  values of  speed, t r i m ,  an6 wetted  length. 
These parameters were selected  to  obtain  pressures  in  regions where 
negative  forces were indicated by force data previously  obtained and t o  
obtain some ef fec ts  of individual  paramters. 

- 

The resul ts   f ro= this investigation  indicate that there i s  a chaxac- 
t e r i s t i c   p a t t e r n  of hydrodynamic pressure  distribution  for  streamline 
bodies equipped with chine s t r i p s  and moving  on a water surface. In a 
longitudinal  direction moving aft, t'ne pressure  r ises   to  a posi t ive peak 
a t  the  stagnation  line,  then decreases usually t o  a negative  value and 
finally increases t o  a small positive  value. I n  a transverse  direction 
from the lower profile  line,  the  positive  pressures  generally  decreased 
a t  first and then  increased  to a peak j u s t  inboard of the  chine  str ips.  
Negative pressures  generally  aecreased  transversely from the prof i le  line 
without a pronomced peak a t  the chine s t r ip .  The  meximum negative  pres- 
sure ueasured was about 0.25 pound per s q m e  inch. 

IJPTRODUCTION 

Hydro5ynamic force   t es t s  of reference 1 on models of s t r e d i n e  
bodies  nodified by narrow chine s t r ip s  have indicated. t ha t  such forms m y  
be sui table   for  hulls of water-besed  airplanes. They are of particular 
in te res t  wher- used i n  conjunction with hydzo-skis or hydrofoils. Stream- 
line  bodies are also of hydro&ynemic ifiterest for  use as wing-tip f loa t s  
sn& s s  containers  for  externel stores. Bowever, the presence 03 negative 
pressures was detected  during the force tests of these  streamline bodies. 
Ekowledge of the magnitude and dis t r ibut ion of these pressures and of the 
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pressure  distribution in general  is  essential  to an understanding of the 
forces  acting  on  such  bodies. 

r 

Accordingly,  this  paper  gives  the  results  of an investigation mde 
with a stredine body  to  obtain  hyfirom-amic  pressure  distributions  for 
a few  selected  test  conditions  expected  to  be  of most interest  based  on 
the  findings of the  investigation  reportea in reference 1. The mo&el 
tested  hzd  the same dinensions  as  tie  fineness-ratio-9 mdel used in the 
force  tests  reported  in  reference 1. 

SYMBOLS 

cvsl 

9 

P 

7 

speed  coefficient  based on hull  volume, /& = 0.211v 

dimter of  nodel,  in. 

wetted  length,  in. 

overall  length of nodel, 46.75 in. 

measured  dynamic  pressure  on  model  (does  not  include  static 
displacement), lb/sq in. 

dynamic  pressure  at  stagnation  point, *, lb/sq  in. 
144 

speed, f p s  

station  measured f r o n  nose of mcdel  along  center lhe, in. 

central  angle  measured  outboard  from  lower  profile  line, iieg 

linear  distzcce  measured  along  center  line  from  rear  of 
nodel,  in. 

value of h for maxim- positive  pressure  on  lower  profile 
line,  in. 

mass density of towing-tank  water, 1.97 slugs/cu ft 

trin;,  angle  between  center  line of model  an&  horizontal, tieg 
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The =ode1 wa .S 

- 
DESCRIPTION OF  MODE& 

lody of revolution  defined b: a b  

3 

the  offsets  given in 
table I. A photograph o? the model i s  shown in   f igure  1 and some con- 
s t ruc t ion   de ta i l s   a re  shown i n  figure 2. The model was constructed by 
forming a c l e a r   p h s t i c  shell par ted  into two halves  along a horizontal 
plane of symmetry an& assembling the two halves around a brass frame. 
Nerrow full-length  chine  str ips were located on the lower half of the 
model along  the  l ines of intersect ion formed by passing  planes through 
the model center   l ine a t  an angle of 45O from the   ver t ica l  as indicated 
in   f igure  2 .  

There were 246, 0.024-inch-diameter or i f ices   located on the bottom 
of the model in   f ive   longi tudina l  rows deFined by pessing  planes  through 
the center   l ine of the Eodel a t  engles of Oo, l 5 O ,  30°, 45O, and 600 t o  
port  of the lower prof i le   l ine .  The 45O l l n e  of or i f ices  was plzced just 

along  these  prozile  l ines  are  given  in table 11. Tie o r i f i ce s  were 
dril led  perpendicular  to the surface of the p l a s t i c  hu l l  and special   care 
wes taken to   insure   c lean sharp edges. This  w a s  in  accordance  witn the 
filzdings  of  references 2 and 3 where it w a s  shown that such  precautions 
ere  necessary  to make accurate  pressure measurements. Stainless-s teel  
tubes of 0.0625-inch inside  diameter were inser-led i n   t h e  model a t  each 
or i f ice   locat ion as shown i n  figure 2 t o  produce a connection for   the  
f lexible   plast ic   tubing  leading  to   the manometer. 

- inboerd of the  chine strip. The spacing and location of the   o r i f ices  

I 

APPARATUS AND PROCEDURE 

Tests were =de with the small m&el towing gear of Langley tenk 
no. 2. The Eodel was towed a t  fixed speeds, trims, an& drafts. The con- 
d i t ions   t es ted  are given i n  the following  schedule: 

RUE 
" 

2 
L 

3 
4 
5 
6 
7 

Speed, V, 
fps  

30 
50 
65 

I 30 
, 30 

20 
~ 20 

Wetted-length 
ra t io ,  Z/L 

0.58 .. 58 
58 
58 
83 
79 - 79 

Chine 
s t r i p s  

O n  
On 
On 
On 
On 
On 
O f f  
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Runs 1 and 7 were selected because the  force test data of reference 1 
illdicated  large  negative  forces  acting  mder  these  conditions. R u n s  2 
t o  6 were selected  to  give  the  widest  variation  poss:ble i n  the paran- 
eters  being comparred within  the scope of the force   t es t s  of reference 1. 

The method of  measuring the  pressure i s  shown schematically  in  fig- 
ure 3 and was developed for  the  tests  reported  in  rel 'erence 3 .  The pres- 
sures were transmitted from the model orifices  to  the  xercury manometer 
tubes by fresh water. In  order  to .orevent the  positive  pressures on the 
=ode1 from forcing  the  sal t  water of the towing tank  into  the system as 
the towing carriage WES brought xp t o  speed, the  reservoir of mercury wes 
ra i sed   in  a manner tha t  would cause some flow of the  fresh w.zter out of 
t i e  model orifices.   In  oraer  to  cowensate  for  the water leg  on the manom- 
eter  tubes  comected  to  the model orffices,   the two reference  tubes a t   t h e  
ends of the nanometer board were connected t o  a fresh-water  reservoir w i t h  
an open surface 2.6 inches above the  f ree  water leve l  of the  tank. 

Since  there were only 100 tubes in   the   mometer  board, only a part  of 
the 2k6 orifices  in  the  nodel coulti  be  connected on any one run. The or i -  
f ices  connected to   the   rmozeter  were selected so  a s  to cover the  wetted L. 

mea  dur ing   t i e  run. 

The ver t ica l  manometer board was placed  about 8 f ee t  from the model 
and the  pressures were recordea with a canera. A second cmera w a s  located 
a t  the bottom of the towing tank to   t ake  underwater  photographs as the 
nodel  passed  over it a t  t e s t  speed. The  two cmer&s  vere  operated sfml- 
taneously by nezns of a photoelectric  relay  zrrangenent.  Typical photo- 
graphs  taken by the two caqerss  are shown in  f igures 4 and 5. 

The hydrodynamic pressure st a par t icu lar   o r i f ice   in  pounds per square 
inch was ob-dined as  follows. The height of the mercury column corre- 
sponding t o   t h a t   o r i f i c e  was subtracted  fron  the  height of the mercury 
column in  the  reference  tubes; and this difference wes mcltirrlied by the 
difference between the  specific weigkts of xercury and fresh  water, 
0.453 pound per  ccbic  inch. To this  product WE?S adtied elgebraically  the 
correction  for  the  height of the  reference-tube water reservoir   level  &bow 
t i e   f r e e  water leve l  of the  tenk (0.094 pound per  square  inch). The 
measured pressures,  therefore,  did  not inclucle the s ta t ic   p resswes  due t o  
the   d raf t  of the  or i f ices .  

Wetted lengths were obtsine& from the underwater  photographs and were 
neasured f r o n t h e  aft  end of the model to   the   in te rsec t ion  of the heavy 
spray  l ine wit'r- the  lawer prof i le  as shown on figure 4. Trin - a s  measured 
as the  angle  betxeen  the  cecter  line of tne model and the  horizontal. 
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- 
RESULTS AND DISCUSSION 

e 

The data  are  presented  in  figure 6 for  the  schedule of t e s t  condi- 
t ions  given  ear l ier   in   the  report .  Hyd~oaynamic pressure  p i n  pounds 
per  square  inch i s  plotted  sgafnst   the &istame A i n  inches measured 
from the af t  end of the model along i t s  center  line.  Longitudinal d i s -  
kributions are given  for each row OZ orif ices   located  respect ively  in  
plenes  passing  through  the  center  line a t  angles of Oo, l 5 O ,  30°, &5O, 
and 60° -Prom the lower prof i le   l ine .  

Representative  curves  indiceting  effects of change i n  speed, t r i m ,  
wetted  length, and chine s t r ip s   a r e  given i n  r i v e s  7, 8, 9, and 10, 
respectively.  Longitudinal  pressure  distributions are given i n   p a r t  (a) 
of these  figures and t rvlsverse   dis t r ibut ions  in   par ts   (b)  and (c) . In 
figure 7 where the  pressures et different  speeds are  cm-gared, the  pres- 

pressure  p i s  plotted.  
. sure data me presented as t h e   r a t i o  p/q, but, i n   t h e  ot'ner figures, the 

. The form of the  pressure  distributions w a s  similar f o r  a l l  conditions 
investigated. h the  longitudinal  direction moving aft,  the pressure rose 

negstive  value, and f inal ly   increased  to  e small value,  usually  positive. 
(See, for  exemple, f ig .   6(b))  . In a transverse  direction, *om the lower 
prof i le   l ine,  the positive  pressures  generally  decreased at first a d  
then  increased  to e pezk just  inboard of the  chine  str ips.  (See, for  
exangle, f ig .   8 (b) ) .  The negztive  pressure  also  decreased  outboard from 
the  lover  profile  l iEe  but  there was no peaking of the  negative  pressure 
near  the  chine  strip. (See, fo r  example, f ig .   7 (c) ) .  It i s  probable tha t  
there i s  e discontinuity  in  the  transverse  pressure  distributfon  across 
tine chine s t r i p .  For tha t  reason  the faired curve was stopped a t  the 
chine s t r i p  and tine value  for 8 = 60° was indiceted by e. point. 

L bo a  positive pesk st the  stagnation  line,  then  decreased, usuelly t o  a 

The mximum negative  pressures Ioeasured were of the  order of 
0.25 pound per  square  inch. The magd.tude of the maximum negative  pres- 
sures WELS the same at  30 feet   per second (f ig .   6(a))  and et 50 feet per 
second ( f ig .  6(b)) but  decreased t o  about  zero a t  65 feet  per second 
( f ig .  6( c ) )  . T h i s  e f fec t  was most apparent  near the lower prof i le   l ine .  

The curves of figure 7 show var ia t ion   in  p/q  with  speed fo r  e t r i m  
of bo and a wetted-length r a t i o  of about  0.58. The values of p/q a t  50 
and 65 f e e t  Der second are of the sa- order of  magnitude m-d generally 
are greater thmn the  values st 30 feet   per second. This nay indicate   that  
the conditions a t  50 snd 65 feet per second ere closer t o  pure  plaoing 

I t'nan the  condition et 30 feet   per  second. 

The curves of figure 8 show the e f fec t  of increase  in  trim on the 
pressures  obtained.  For a given  wetted-length r a t i o  aEd speed, an 
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increase  in  trim f ron  4' to 8O resulted in a considerable  increase in 
positive  pressure in the  vicinity  of  the  stagnation  line.  However,  this 
increase i n  trim  appeared  to  have very little  effect  on  the  pressures 
acting on the  aft  three-quarters  of  the  wetted  length.  This  effect of 
trim m y  be  attributed,  at  least  partly,  to  the  longitudinal  curvature 
of the  streamline  body  and  the -mer in  which  trim  has  been  Befined. 
Thus,  the  trim  of  the  aft  half  of  the  lower  profile  is  less  than  the 
center-line  trim  whereas  that  of  the  forward  half  is  greater.  Therefore, 
with  increase in center-line  trim f r o m  bo to 8O, the  trim of the  aft 
three-quarters  of  the  wetted  profile  still  remained  fairly smll but  the 
trim of the  forward  quarter  increased  in a region of comparatively  larger 
trims. 

In figure 9 an increase in wetted-length  ratio  resulted in a large 
increase in naximun  positive  pressure m d  a general  movement of the 
pressure-distribution  cu-rve  in a positive  direction so that the  maximum 
negative  pressures  were  decreased.  This  effect  of  increase  in  wetted 
length elso may  be  attributed to the  longitudinal  curvature of the strem- 
line  fuselage. In the  region  of  added  wetted  length,  the  profile and but- 
tock  lines  are  sweeping  upward  as  wetted  length  increases,  and  this  appar- 
ently  results  in an increase  in  effective  trim. 

The  prirary  effect 02 the  chine  strips  indicated in figure 10 is a 
large  increase  in  maximum  posctive presswe in the  region  Just  inboard of 
the  chine  strips.  The  transverse  curvature  apparently cmses 2. great loss  
in positive  pressure  in a trzslsverse  direction  just  aft  of  the  stagnation 
liae  unless a discontinuity  such as a chine  strip  is  introduced. 

The  results from this  investigation  inliicate  that  there  is a charac- 
teristic  pattern of hydrodyhemic  pressure  distributior-  for  streamline 
bodies  equipped  with  chine  strips  and mving on a weter  surface. In a 
longitudinal  direction  nloving  aft,  the  pressure  rises to a positive  peak 
at  the stamation line,  then  decreases usuelly to a negative  value and 
finally  increases to a small positive  value. In a transverse  direction 
from tine lower  profile  line,  the  positive  sressures  generally  decreased 
at  first  and  then  increased  to a peak  just  inboard of the  chine  strips. 
Negative  pressures  generally  decreased  transversely f m m  the  profile  line 

. 
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- WitklOUt a pronow-ced  peak a t  the  chine  strip.  The m a x i m u m  negative 
pressure  measured  vas  about 0.25 pound  per  square  inch. 

.. 
Langley  Aeronautical  Leboratory, 

Natiocal  Advisory  Committee  for  Aeronautics, 
Lengley  Field,  Va.,  June 9, 1955. 
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TABLF: I 

MODEL OFFSETS 

~ 

Station, x, in. 

0 
-47 
98 

1.96 
2 .go 

3.84 
7.81 
9 -72 

11.69 
15.57 
19 -49 
23.38 
27.26 
31.18 
35.06 
33.94 

44.79 
45.76 
46.75 

3.88 

40.91 
42.87 

Diameter, d, in. 

0 
1.11 
1.50 
2.09 
2.51 
2.87 
3-44 
3.88 
4.22 
4.49 
4.90 
5.12 
5.20 
5 .or: 
4.59 
3.81 
2.67 

1.38 - 70 
.35 

2.04 

0 

NACA RM L55F20 
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TABLE I1 

LOCATION OF ORIE'IGES 

1 
2 
3 
4 
5 
6 a 
2 

1 
7 
75 
8 sr 
2 

9 to 30a 
3 9  to 35$b 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

Region covered by orifices 

e = 150 

_I 

A 

Y 

Station, x, in. 
e = 00 e = 60° 

"1-inch longitudinal spacing. 

bl/2-inch  longitudinal spacing. 



Figure 1.- Photograph of model. 

I a 



r* A 
1 "" 

" 

Solid plastic 

o .25" clear 
plastic  shell 

Section A-A 

L A  

Side view 

dd -- .125" 0 .D . 
- .062gt1 I.D. 

Stainless 
pr steel  tube 

-I+ .024." I.D. 

Ty-plcal  orifice 
installation 

0 ?' 

* Stainless  steel  zube 

.dtO" O.D. 

.030" I .D . 
L .  I 

Alternate  orifice  installation 
used in  aft  portion of model 

Location  of  longituainnl 
rows of oriflces 

Figure 2.- Model details. 
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100 pressure tcbes 

. I I  Wirch - 

I I  
9 P 

F-exible tcbe 

I 

Ekesh-water reservoir 1 

Figure 3.- Schematic i l lust rehion of method of measuring pressures. 



L-89 349 Figure 4.- Underwater  photograph i l lustrating method OP obtaining  wetted 

I 
length. 
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Figure 5.- Typical t e s t  record ( r u n  3) .  - 



j e = o o  I t 
I I I I I I I I I I I I 

I I I I I I I I I I I 1 

1.6 I f I 1 I I I I I 1 I 

8 = 60° 

.s - - 

- .3 I I I I I I I I I I I 
0 I: S 12 16 20 24 26 32 56 40 k4 4 

Distar-ce *om af' end of model. X ,  In. 

(a) v = 30 feet Der second; T = 4'; Z/L = 0.58; strips on; lzul 1. 

Figure 6 . -  Pressure data. 
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1 .r 

.8 

0 

- .8 

e = oc 

I 
1.6 I I I I I I I I I I I I 1 

1.61 I I I I I I I I 1 I I 1 

(b) V = 50 feet per s.econd; T = 4O; Z/L = 0.58; strips on; run 2. 

Figure 6 .  - ContinLted. 
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." 
2 -4 I I I I I I I I I I I I 

i 
-.8 I I I 1 I I I I I I 

0 

J 

(c)  v = 65 Peet per second; T = 4O; Z/L = 0.58; strips on; run 3.  

Figure 6.- Continued. 



Wetted ler4:h -4 

I I I I I I I I I I I 1 

(a) V = 30 feet per second; T = 8 O ;  Z/L = 0.58; strips on; 4. 

Figure 6 . -  Continued. 
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f 

a = 150 
-6 - - 

0 

!z 
.-I 

e 
$ ms 

I I I I I I I I I I I 

"y-v" 

(e) v = 30 feet per second; T = 4O; 2/L = 0.83; strips on; run 5 .  

Figure 6.- Continued. 
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Netted length -4 

1.6 I I I I I I I I I I I 1 
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.16 I I I t I I I I I I I I 

i Code Speed Run no. I 
, 2 8 1  e = 00 

1 
2 
3 P t .  

-.a81 I L I I I I I I I I I I 
. = E ,  I I I I I I I I I I I I 

- -" "" - __ 
0 - - "" - "- 

I 

i - .3a. I I I I I I I I I I I 

.15 I I I 1 I I I I I I I I 
0 = j O o  

0 

. oa I I I I I I I I I I 
e = 600 

I 

0. 
" """ "". 

- .03 
0 .I .2 .3 .4 - 5  .o .7 .a .9 1.0 1.1 1.2 

".h 

(a) Longitudinal  distribution of  pressure. 

Figure 7.- Effect of speed. T = bo; Z/L = 0.58; strips on. 
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.16 * 
Code Speed ~ u n  no. 

50 2 
0- - - chine  strip 

-\ 

65 3 

0 30 1 Location of 
0""" t- 

.08 - - - - - - - - - - 
""""" 

Phi 
""""----- 

c I 
I d 

0 

"08 I I 
0 15 30 LS 60 

Transverse location, 8,  deg 

(b) Trznsverse  distribution of peak pressures in v5cinity of stagnation 
line. 

.I6 I I I 

-08 - - 

P A  
0.- 
""" ""---------- 9 - 

"-08 I 1 

0 15 30 45 60 
Twnsverse  location, 8, 8eg 

(c> Transverse  distribution of largest negstive  pressures aft of the peak 
pressures. 

Figure 7.- Concluded. 

. 



-.el I I I I f I I I I I I I 

L 
F 

1.6 I I I I I 1 I I I I I I I 
.a - '\ 

A 

/ e = 450 ' \  
/ \ , 

@- ""- ""_" -""" - \ 

(a) Longitudinal  distribution of pressure. 

Figure 8.- Effect of trh. V = 30 feet per  second; t / L  = 0.58; strips on. 
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( c )  Transverse distribution of lazgest negative pressures aft of the peak 
pressures. 

Figure 8.- Concluded. 
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- ." - 

. " 
1.6 I I I I I I I I I 

- 
--r- - 1 

- ." 
e = boo I I I I I I I I I I 

0 1  " 

"" ""_ 
"" 

""" " 

-.e0 I I I I I I I I I I I .1 .2 -3  -1: .S .6 .7 .e .9 1.0 1.1 1.2 

h l b  

(a) Longitudinal  distribution  of  pressure. 

Figure 9.- Effect  of  wetted  length. V = 30 feet per second; T = 4'; 
strips on. 
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c 
2 .h I t / L  R d  no. I 

0- 0.58 1 

* 8 3  5 Location of 
-5 1.6 * chine strip - - 
* 3 //---" 

I 
\ /" 

\ 
/ 

/ 

2 . 8 -  .. 
E 

"" / 

E - I R 

\ / / - 

u) 
s 
ID - 
& O  

-.8 - 1 1 
0 15 30 r;S 

I 

60 
Transverse location, 0,  deg 

(b) Transverse  distribution of peak pressures in vicinity of stagnation 
line. 

2 .& 

a 1.6 * < 
;rt 

-.8 

I I I 

- - 

- - 

8 """""""""- - - 

I I 
0 15 30 &5 60 

Trvlsverse locat ion,  8,  dag 

- (c) Trmsverse distribution of largest  negative  pressures af't of the peak 
pressures. 

Figure 9.- Concluded. 
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.a I I I I Stripa zun no. I I I I I 
e = 00 

on 6 
"" 

"_ off  7 
0 

" - - 
"""""" 

.8 I I I I I I I I I L -7- 
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(a) Longitudinal distrtbution of pressure. 

Figure LO.- Effect of chine strips. V = 20 feet per second; T 
2/L = 0.79. 
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(b) Transverse distribution of peak pressures in vtcinity of stagnation 
line. 
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Figure 10. - Concluded. 

NACA - Langley Field, Va. 



"" 


